Mixed aluminum and magnesium oxides (AlMgO) prepared by means of an emulsion-mediated sol-gel method was impregnated with copper nitrate solution and used in the ethanol dehydrogenative reactions to produce acetaldehyde and ethyl acetate. The emulsified system allowed to obtain a macromesoporous support that resulted in an outstanding dispersion of copper. The porous catalyst was about 3 times more active than the non-porous counterpart, due to the formation on the support's surface of Cu 0 together with the more active Cu + species. In fact, the simultaneous presence of Cu + and Cu 0 were advantageous for the catalytic performance, as the turnover frequencies, were 122 and 166 h À1 for the non-porous reference catalyst and for the porous one, respectively. Both catalysts deactivated due to copper particles sintering, however the porous one deactivated less, as a consequence of the better dispersion of the Cu species on the macro and mesoporous support. Acetaldehyde was the main product, however by increasing the contact time by 6.6 times, the conversion of ethanol on the nonporous catalyst reached about 90% with a selectivity to ethyl acetate of 20% by means of the coupling reaction of ethanol and acetaldehyde. The selectivity to ethyl acetate was favoured on an increased support/copper interface that is given by larger copper particles.
Introduction
The interest in biomass sources has mostly increased in the last decades due to the intensication of the seek for biofuels and renewable chemical products that might substitute fuels or petroleum derived products, 1,2 which are currently the most important sources of the emission of greenhouse gases. Among the several processes that are being used for producing biofuels, ethanol from fermentation of biomass-derived sugars is the oldest and most important process used in the biotechnology industry. Beyond of its usage as fuel, ethanol is a versatile building block for chemical industries because it can be catalytically converted into several chemicals by means of dehydration (to give ethylene), Guerbet coupling (n-butanol), dehydrogenation (acetaldehyde and hydrogen) and by the coupling reaction of acetaldehyde with ethanol (ethyl acetate).
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When the last two reactions occur in a sequence, the global reaction process is called dehydrogenative coupling of ethanol, giving hydrogen and ethyl acetate.
Ethanol dehydrogenation stands out by the importance of the products hydrogen and acetaldehyde, which can be used as an intermediates in the manufacture of acetic acid, acetic anhydride, ethyl acetate, butyraldehyde, crotonaldehyde and nbutanol. 3, [5] [6] [7] [8] [9] [10] Though it has a lower hydrogen yield compared to the ethanol reforming reactions, ethanol dehydrogenation is carried out at lower temperatures. Even whether ethanol reforming is operated at mild temperatures, it still generates carbon monoxide, which causes loss of efficiency and early fuel cell poisoning. 8 Moreover, the coupling reaction to further give ethyl acetate is a very attractive sustainable strategy, 9,10 because it enables the production of esters directly from alcohols. Compared to the traditional esterication of ethanol with carboxylic acids, the coupling is advantageous due to the reduction of wastes and enhancement of process prot.
Some aspects are critical to guarantee high ethyl acetate yield during the catalytic ethanol coupling reaction, such as the acidbase property of the catalyst, which if not properly tuned, it can lead to unwanted by-products. The porosity of the support is another important property because it inuences the particle size and the oxidation state of copper species, which are the active ones for the mentioned reactions. 11 A detailed kinetic and mechanistic study on Cu/Cr 2 O 3 showed the central role of copper in the adsorption and dehydrogenation of ethanol, which is due to its ability to preserve intact the C-C bonds and facilitate the hydrogen transfer reactions. 12 In addition, it was emphasized the negative effect of the Brønsted acid sites of Cr 2 O 3 that prevent desorption of acetaldehyde and make this a rate determinant step, which results in limited activity, without considering the unwanted capacity of the Brønsted acid sites to dehydrate ethanol.
12 Therefore, the appropriate balance of acid-base sites of the support is crucial for the dehydrogenative coupling of alcohols.
The use of aluminum and magnesium mixed oxides derived from hydrotalcites as support for impregnation of copper species and forward application in the dehydrogenation of alcohols is motivating. Aer heat treatment, these mixed oxides have various unique properties as providing an ideal balance of acid and base sites [13] [14] [15] [16] [17] and unique textural properties, which have impact on metals dispersion and therefore on ethanol conversion to acetaldehyde and ethyl acetate.
3,5
In a previous study, [18] [19] [20] an emulsion-mediated method was used to produce Al-Mg mixed oxides from hierarchically ordered hydrotalcite precursors that gave a high specic surface area. It is expected that the textural properties of these materials may reduce metal agglomeration and increase the interparticle space, and then to have an incremental effect on the catalyst performance. In fact, in situ studies have shown that the catalytic reaction rates are signicantly optimized by changing the metal particle size. Moreover, the particle size in copper based catalysts affected the surface ratio of Cu 0 to Cu + and consequently the activity in reactions involving oxygenated intermediates. [21] [22] [23] [24] [25] [26] Herein, we examined how the textural properties and acidbase properties of highly porous aluminum and magnesium mixed oxides prepared from an emulsied synthesis system inuence the dispersion of copper species and their oxidation state and, consequently their catalytic performance on the dehydrogenative coupling of ethanol to produce acetaldehyde and ethyl acetate with an enhanced selectivity.
Experimental

Synthesis of the supports and catalysts
The porous and the reference non-porous aluminummagnesium mixed oxides, with molar fraction of Al/Mg of 0.5, were obtained by sol-gel synthesis, according to a previous method. 18, 19 The synthesis of the porous mixed oxides involved the use of aluminum tri-sec-butoxide (named as Al-But 3 ), magnesium nitrate, n-dodecane as emulsication agent, a nonionic triblock copolymer as emulsion stabilizer (Pluronic P123) and ethanol as solvent. The molar composition was: 0.01 Pluronic : 1 Al-But 3 : 1 Mg(NO 3 ) 2 : 15 ethanol. The preparation of the sol involved the dispersion of Pluronic P123 in ethanol at room temperature, followed by addition of Al-But 3 and magnesium nitrate. Subsequently, emulsication was achieved by adding 60 wt% of n-dodecane, under mechanical stirring. The addition of a solution of ammonium hydroxide drop by drop under stirring led to the sol-gel transition. The assynthesized samples were calcined at 500 C for 2 h under air in a conventional muffle oven. For sake of comparison, a reference support was obtained without the use of organic pore structure directing agents (PSDAs), Pluronic 123 and ndodecane. The samples obtained without and using the PSDAs agents were named AlMgO and AlMgO-P, respectively, in which P stands for porous. The copper catalysts, with a nominal content of 10 wt% of copper, were obtained by incipient wetness impregnation of the calcined mixed oxides using an aqueous solution of copper nitrate. Aer impregnation, the samples were calcined at 500 C for 3 h.
Characterization of the supports and catalysts
The porosity and macro and mesopore size distributions of the calcined mixed AlMgO oxides and copper catalysts were assessed by mercury intrusion porosimetry in an AutoPore III instrument from Micromeritics. The samples were degassed at a pressure below 50 mPa before starting the measurements. The Washburn equation 28 was used to calculate the pore size by using mercury surface tension of 0.489 N m À1 and contact angle of 135 .
The porosity of the samples was further characterized by nitrogen adsorption-desorption isotherms at À196
C on an ASAP 2010 instrument from Micromeritics with relative pressure ranging between 0.001 and 0.998. Prior to the analysis, the samples were vacuum-degassed at 200 C for 12 h under a pressure below to 10 mPa. Pore volumes, mesopore size distributions (BJH method) and BET surface area for P/P 0 up to 0.3 were determined from the isotherms.
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The microstructure of mixed oxides was analyzed by scanning electron microscopy (SEM), using a Philips XL 30 equipment. The samples were deposited on an aluminum sample holder and sputtered with gold.
X-ray diffraction proles of the copper catalysts were recorded using a Siemens D5000 diffractometer equipped with a CuKa radiation (selected by a curved graphite monochromator). The protocol of the scanning steps was 2q range from 3 to 80 , with step size of 0.02 , and counting time of 1 s.
Temperature programmed desorption of ammonia (NH 3 -TPD) and of carbon dioxide (CO 2 -TPD) were performed separately to assess the acid and base sites of the catalysts, respectively. A very similar protocol was used for both analyses. Firstly, 150 mg of catalyst was pre-treated by heating up to 500 C and kept at this temperature for 1 h under a ow of 60 mL min À1 of He. Aer that, the samples were cooled to 120 C for NH 3 adsorption or to 50 C for CO 2 adsorption. Then, a ow of 30 mL min À1 of either NH 3 (1% in He, v/v) during 0.5 h or pure CO 2 for 2 h was fed into the reactor. The physically adsorbed NH 3 or CO 2 were purged for 1 h at the same temperature in which the adsorption process occurred. Upon heating from the respective adsorption temperature to 600 C, with a heating rate of 10 C min À1 and under a ow of 30 mL min À1 of He, NH 3 or CO 2 desorption was monitored by a thermal conductivity detector of the Micromeritics Pulse Chemisorb 2705 equipment. Proles of temperature programmed reduction with hydrogen (H 2 -TPR) of the calcined copper catalysts were performed using a Micromeritics Autochem 2920 equipment. A ow of 30 mL min À1 of H 2 (10% in He, v/v) was fed into the reactor and the temperature was raised from room temperature to 500 C using a heating rate of 10 C min
À1
. The hydrogen consumption was monitored using a thermal conductivity detector. Using the same equipment, N 2 O chemisorption experiments were performed to estimate the metallic surface area of the dispersed Cu 0 species. The sample was previously reduced at 250 C for 30 min, and then cooled to 30 C and exposed to a ow of 30 mL min À1 of N 2 O (1% in He, v/v) for 10 min. It is expected that the AlMgO support do not exhibit a signicant interaction with N 2 O at this temperature. A second H 2 -TPR was performed by increasing the temperature up to 400 C. The hydrogen consumption was used to calculate the amount of surface oxidized copper aer N 2 O chemisorption. No bulk oxidation was observed for samples. The copper surface area (S Cu ) and particle isometric size (d Cu ) were estimated by using eqn (1) and (2), respectively, and a correlation of 1.46 Â 10 19 Cu atoms per m 2 and a stoichiometry of reduction of 2 Cu/ H 2 were found.
In eqn (1) and (2), C is the copper content in wt%, D is the copper dispersion in %, V m is the mean atomic density of copper in g mL À1 and A m is the atomic surface area in nm 2 per atom.
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In situ XANES measurements at the Cu K-edge (8979 eV) was carried out at the D06A-DXAS beamline of the Brazilian Synchrotron Light Laboratory (LNLS) at Campinas, Brazil. The D06A-DXAS beamline was equipped with a focusing curved Si (111) monochromator, operating in the Bragg mode for the selection of the desired range of X-ray wavelengths (8900-9400 eV). The samples were prepared as self-supported pellets containing 25 mg of catalyst mixed with boron nitride and placed into a tubular quartz furnace (d ¼ 20 mm and X-ray path length ¼ 440 mm) sealed with Kapton refrigerated windows for the transmission measurements. Temperature-resolved XANES spectra at the Cu K-edge were acquired during TPR experiments in which it was used a ow of 30 mL min Diffuse reectance infrared Fourier transform spectroscopy (DRIFTS) of CO adsorption on copper catalysts were recorded using a Thermo Nicolet iS50 FTIR spectrophotometer equipped with a MCT detector and a Harrick diffuse reectance infrared Fourier transform spectroscopy cell with a CaF 2 window. The spectra were collected on a basis of 40 scans and a resolution of 4 cm À1 using 150 mg of sample. Initially, the samples were pretreated at 500 C for 30 min (10 C min
À1
) under a ow of He of 100 mL min
, and then, cooled down and reduced at 250 C (10 C min À1 ) under a ow of 100 mL min À1 of H 2 (5% in He, v/v).
The samples were cooled down to 25 C under a He ow. The reduced catalysts were exposed to a ow of 100 mL min À1 of CO 2% in He, v/v during 30 min until saturation, and aerwards purged with a ow of 100 mL min À1 of He before the DRIFTS spectra were collected. The temperature was then increased to 500 C at a rate of 10 C min À1 in He (100 mL min À1 The experiments at lower space velocity of 4.7 h À1 were achieved by using 240 mg of catalyst. The outlet products were analyzed on line using a gas chromatograph (Model 2014, Shimadzu) equipped with a ame ionization detector and a capillary Rtx-1 column of 30 m Â 0.32 mm ID and a lm thickness of 1 mm.
Results and discussion
Textural characteristics of the porous supports and chemical speciation of the dispersed copper sites
The effect of PSDAs in the textural properties of the supports and, consequently, on those of the copper catalysts was studied by means of mercury intrusion porosimetry, nitrogen physisorption and scanning electron microscopy ( Fig. 1 and Table  1 ). The mixed oxide, AlMgO-P, synthesized in the presence of PSDAs presented considerably higher pore volume and BET area than the reference non-porous support as a consequence of the voids le aer removal of the emulsier agent (n-dodecane).
A previous study elucidated that the porosity is created by the stacking of layers of the hydrotalcites precursors randomly positioned around n-dodecane droplets. 18, 19 The macropores arose from the droplets of n-dodecane, while the mesopores were due to the slit-like arrangement of layers of the precursors. Although the hydrotalcite structure no longer exist aer calcination of the samples, the porous characteristic is preserved and it can be useful for the dispersion of active metal sites and for improved accessibility of chemicals. Aer copper nitrate impregnation and calcination, Cu/AlMgO-P sample showed a great decrease in the pore volume and surface area. It can be related to the partial blockage of pores, as well as to a collapse of the pore walls during the process of impregnation and drying. Table 1 shows the results of a drying experiment of sample AlMgO-P that was put in contact with water and rotaevaporated in order to follow the impact of sample drying. The pores shrank from 3.7 to 1.7 cm 3 g À1 only due to capillary action of evaporating water. Considering that for the sample containing copper Cu/AlMgO-P the pore volume was much smaller, i.e. 0.8 cm 3 g À1 , both pore blockage and capillary forces were possibly responsible for that decrease. The same behavior was observed by Cassinelli et al. that studied porous Cu/Al 2 O 3 .
6 Fig. 1b the formation of a monolayer coverage and, consequently, saturation of the surface occurs at a loading in-between 4 and 5 wt% of copper per 100 m 2 g À1 of the support. The specic area of the reference sample Cu/AlMgO is just above this limit (10 wt% of copper for 166 m 2 g À1 ) and surface bulk copper oxide particles are prone to be formed aer the saturation of the surface by a copper monolayer. Therefore, most probably, the reference sample contains heterogenous distribution of copper species, constituted by well-dispersed monolayered particles and segregated ones. Further evidence of the improved textural properties of the porous support was provided by nitrogen physisorption measurements (Fig. 1c) and BJH pore size distribution curves (Fig. 1d) . The hysteresis between the adsorption and desorption branches for Cu/AlMgO-P catalyst is typical of the existence of mesopores. The smooth slopes of the isotherms, together with the non-parallel behavior of the adsorption and desorption curves, indicated a distinct H3 hysteresis cycle for pores with a broad distribution resulting from the aggregation of plate-like particles, particularly for the catalyst Cu/AlMgO-P with an average mesopore diameter of 3.3 nm. The preparation method provided a catalyst with a BET area greater than the reference ( Table 1) .
The metallic copper dispersion was assessed by nitrous oxide chemisorption followed by temperature programed reduction with hydrogen (Fig. 1S †) . Firstly, the catalysts were reduced under a hydrogen stream at 250 C for complete reduction of copper, followed by exposure to dilute nitrous oxide ow that caused the oxidation of the surface copper species forming an oxygen layer around the metallic particles. The stoichiometry of the reduction of the surface copper oxides allowed to estimate the relative contribution of surface copper species. Table 2 Fig. 1 (a) Mercury intrusion porosimetry (opened and filled symbols represent the supports and the copper containing catalysts, respectively); (b) X-ray diffraction; (c) nitrogen physisorption (opened and filled symbols represent the desorption and adsorption branches, respectively); (d) BJH pore size distribution of the desorption branches for Cu/AlMgO samples; and scanning electron microscopy images of: (e) AlMgO and (f) AlMgO-P supports. illustrates the dispersion degrees, Cu surface area and Cu average particle size. As expected, the Cu/AlMgO-P catalyst had a superior dispersion of copper of 85% in comparison to the 50% of the reference sample, thus conrming the positive effect of the emulsion mediated synthesis in producing a porous support for dispersing copper. The dispersion degree and the average Cu particle size follow the same pattern as Cu surface area, i.e. for Cu/AlMgO-P high dispersion leads to a low particle size (1.2 nm). It is worthy to note that compared with appropriate literature data obtained over copper-based mesoporous materials, Cu/AlMgO-P catalyst shows very high dispersion and surface area for copper. For example, at similar copper loading of 10 wt%, copper supported on all-silica mesoporous SBA-15 material had only 37% of copper dispersion.
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Additional information about copper species distribution on supports was provided by XANES spectra (Fig. 2S †) hand, the porous samples submitted to the reduction treatment exhibited a noticeable shoulder in the ascending margin of the spectrum. The LCF of the XANES spectra in Fig. 2 Fig. 3 and 3S, † respectively. It has been reported 35 that CO adsorption on copper surfaces show IR bands in the HF spectral region associated with linear or bridged CO species interacting with Fig. 2 Copper species along reduction with H 2 up to 250 C for the Cu/AlMgO and Cu/AlMgO-P catalysts, obtained from XANES measurements at Cu K-edge (spectra are in Fig. 2S †) . copper species, such as, Cu 2 O or Cu 0 sites. However, herein, based on the XANES results of copper supported samples, CuO specie is highly improbable, and the three strong overlapping bands with maximum at 2107, 2106 and 2103 cm À1 of Cu/ AlMgO-P catalyst are probably related to chemisorption of CO over Cu + and/or Cu 0 species (Fig. 3S †) Fig. 3c shows the relative intensity of chemisorbed CO bands in the spectra of Fig. 3a ), which are very similar for both samples, as expected by the TPD-CO 2 , which showed minor differences for samples Cu/AlMgO and Cu/AlMgO-P (Table 1 and Fig. 5S †) and bidentate (b-CO 3 2À ), respectively. 13 Typically, monodentate carbonate formation requires low-coordination oxygen anions (strong base sites), provided by MgO.
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The acid and base properties of the copper catalysts were determined from the temperature programmed desorption (TPD) of NH 3 or CO 2 , respectively. Fig. 5S † shows the TPD proles of NH 3 and CO 2 and the integration of the peaks are given in Table 1 . The deconvolution by means of a Gaussian function was used to discriminate the desorption peaks for weak, medium and strong sites (Fig. 5S †) , which reect the different binding acid-base sites available on the surface. The porous support (AlMgO-P) presented lower acidity than the reference (AlMgO), as reported in the previous study. 19 The explanation was based on the reduction of hydroxyl groups in the surface of the AlMgO-P sample due to the interaction with the hydrophobic emulsion during the synthesis that leads to a support with a considerably low acidity and basicity. In comparison to other supports found in the literature (see data collection in Table 1S †), hydrotalcites derived oxides are among those with lower acidity/basicity. By supporting copper, the catalyst had a pronounced decrease in acidity due to the selective combination of the Lewis alkaline sites from copper oxides with acidic sites on AlMgO-P. A milder decrease in basicity was also observed, which may be related to binding of Cu to certain base sites as well. However, these events were fairly benecial to avoid the formation of undesired by products, specially ethene and diethyl ether that can be formed on those sites.
Dehydrogenative reactions of ethanol to acetaldehyde and ethyl acetate
The copper impregnated catalysts were investigated in the dehydrogenation of ethanol (Scheme 1) at 300 C under space velocities of 31.1 h À1 (Fig. 4 ) and 4.7 h À1 (Fig. 5) , and under a period of 6 h to evaluate the activity and deactivation. Catalytic tests were also performed using the Cu-free supports (Fig. 6S †) and the ethanol conversion was negligible, being below 1%. On the other hand, the copper catalysts, had a high activity in selectively converting ethanol into acetaldehyde (Fig. 4) , reaching conversion values of 28 and 61% for Cu/AlMgO and Cu/AlMgO-P samples, respectively. Ethyl acetate, ethene, diethyl ether, n-butanal, crotonaldehyde, methyl ethyl ketone, acetone and butanol were minor products summing less than 2%. Thus, the porous catalyst was about 3 times more active, because of the higher dispersion of copper and creation of a singular environment that led to the formation of Cu + species on the catalyst surface. In fact, the presence of partially reduced copper Cu + and Cu 0 are advantageous for the catalytic performance, as the initial turnover frequencies, considering the surface copper, were 122 and 166 h À1 for the reference and for the porous catalyst, respectively. The catalysts were not completely steady for a time-onstream (TOS) of 6 h. The notable deactivation of the Cu/ AlMgO reference sample was related to the harsh copper Scheme 1 Dehydrogenative reactions of ethanol to give acetaldehyde and ethyl acetate as main products. The dashed path corresponds to the Tishchenko mechanism that might take place on the support/copper interface. dispersion and to the sintering of copper particles that were loosely supported on the non-porous sample. The porous catalyst, in contrast, deactivated less, because of the physical barrier that well dispersed copper particles placed on the surface of macro and mesopores of the support had to sinter. Both catalysts suffered some extent of deactivation along 6 h at 300 C (21.1% for Cu/AlMgO against 8.2% for Cu/AlMgO-P) as a consequence of a slow copper sintering, as revealed by chemisorption experiments depicted in Table 2 , however, its effect was more pronounced on the non-porous reference catalyst. Ethanol conversion was also examined at a WHSV of 4.7 h
À1
( Fig. 5) , i.e. by decreasing the space velocity and consequently increasing the contact time in 6.6 times. Ethanol conversion and selectivity to all products were noticeably improved: the conversion increased by a factor of 3.5 and 1.4, for the reference and for the porous catalyst, respectively. The main product, ethyl acetate, was mostly produced on the reference non-porous catalyst (35 against 20% on the porous one). That behavior reveals that the coupling reaction of ethanol and acetaldehyde is favored on larger copper particles. 37 The differences in selectivity to ethyl acetate could rely on the support/copper interface, which differs on copper particles of different sizes ( that reacts with the aldehyde formed on the copper phase (step 2). At this step, the presence of Cu + in combination with Cu 0 aids to promote the formation of acetaldehyde (which is more evident in the porous catalyst). Then, the alkoxide reacts with the aldehyde to form a hemiacetal (step 3). Finally, the hemiacetal dehydrogenates on copper phase (step 4). According to the results of Scotti et al. that studied Cu/ZrO 2 catalysts, 40 we can predict herein that the steps 1 and 4 are promoted by AlMgO/Cu interface and that improved hydrogen spillover takes place, thus allowing the interface to work ttingly. It seems that the interface plays a major role in the overall catalyst performance, because the superior capacity of the porous catalyst to dehydrogenate ethanol did not allow to obtain higher selectivity to ethyl acetate. Lastly, the cooperative effect of acid and base sites of suitable strength of the Al-Mg oxides was important to give high selectivity to ethyl acetate, as reported elsewhere.
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In order to conrm that the catalyst deactivation was due to copper sintering and not to coke deposition, aer running ; (b) selectivity over Cu/AlMgO-P; (c) Cu/AlMgO catalysts, before and after regeneration by calcination at 500 C and reduction at 250 C. Diethyl ether, butanal, crotonaldehyde, methyl ethyl ketone, acetone and butanol were less than 2%. ethanol dehydrogenation for 6 h the catalysts were calcined at 500 C followed by reduction at 250 C in H 2 . Aer regeneration, the catalytic activity was not restored at all and the copper particle size increased ( Fig. 5 and Table 2 ). The increase in particle size between 2-2.5 nm appears to favor to increase the selectivity of ethyl acetate to about 40% and decrease acetaldehyde to about 55%. Also, the regeneration process leads to an increase of sintering of the copper particles of the catalysts which increased ethyl acetate selectivity up to about 8%. The sintering process is more evident in the non-porous Cu/AlMgO (Fig. 5c) . Finally, aer the thermal treatment at 500 C and sintering of copper, the surface of the support led to the occurrence of the dehydration on ethanol to ethene, with a selectivity of about 5%.
Conclusions
Hydrotalcite derived mixed oxides of Al and Mg were successfully prepared by an emulsion mediated method and impregnated with copper nitrate. The combination of texture characterization techniques, such as mercury porosimetry and nitrogen physisorption, disclosed the production of a more porous material with a higher BET area. The acidity and basicity of the catalysts decreased aer impregnation with copper, due to metal coating on these sites. The porous catalyst exhibited more available metallic sites and greater dispersion on the surface of the material, as demonstrated by H 2 -TPR together with N 2 O chemisorption. From the LCF of XANES spectra and FTIR-CO measurements, the presence of a larger amount of Cu + intermediate was observed, which was advantageous for the conversion of ethanol to acetaldehyde, as the turnover frequencies, were 122 and 166 h À1 for the non-porous reference and for the porous catalyst, respectively. Both catalysts deactivated due to copper sintering, however the porous catalyst deactivated less, because of the difficulties that the physical barrier related with a higher surface area generated by the presence of macro and mesopores, which allowed to well disperse the copper particles and consequently minimizing their sintering. By increasing the contact time by 6.6 times, the formation of ethyl acetate was mostly favored on the non-porous catalyst, because its formation is favored on the support/copper interface given by larger copper particles.
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